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Abstract 
Soil macro-invertebrate was sampled at five degrees of desertification: non- (NDG), light- (LDG), moderate- (MDG), 
heavy- (HDG), and severe- (SDG) desertified grassland in Horqin sandy land, Inner Mongolia, northern China. Soil 
nutrients began to decrease from LDG, while plant species richness, density and diversity began to decrease from 
MDG. There was significantly lower soil macro-invertebrate abundance, richness, and diversity in the severe 
desertified grassland while no significant influences were found between NDG, LDG, MDG and HDG. Soil macro-
invertebrate abundance changed in-step with plant density, while invertebrate richness, diversity and evenness 
changed not in-step with soil nutrients or plant variables. Furthermore, the pool of groups that colonized one type of 
desertified grassland appeared to be substantially different from other types due to specific habitat states, particularly 
where different plant density and richness were involved. Desertification development had significantly influences on 
soil nutrients (soil organic carbon and total nitrogen content) and biodiversity (plant and soil invertebrate).  
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1. IntroductLon 
Desertification, characterized by aeolian soil erosion, is one of the most serious environmental and 
socioeconomic problems in many arid and semiarid regions throughout the world [1]. Interest in 
desertification is on the rise at present [2, 3]. Understanding the causes, processes, and mechanisms of 
desertification in sandy grassland is critical for the countermeasures of desertification and improvement 
of soil environment [4, 5].  
Soil invertebrate is an essential part of soil ecosystem and has vital functions on material recycling and 
energy turnover in soil ecosystem [6, 7]. As far, numerous studies have indicated that grassland 
desertification development has reduced plant coverage and height, species richness and diversity, and 
root biomass [8, 9, 10] to the point where soil has become exposed to wind erosion with significant losses 
of fine particles of soil and organic C and N [10, 11, 12]. However, there were only a few literatures 
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about the relationship between desertification and invertebrate community [13, 14]. The effect of 
desertification on invertebrate community structure of soil organisms is scarce in sandy grassland in 
Horqin. Nevertheless, researches on soil biological structures, interactions, functions and processes are 
fundamental for understanding natural and managed terrestrial ecosystems in semiarid regions [6, 15].  
The objectives of this paper are: 1) to describe the community structure of soil macro-invertebrate in 
Horqin desertified grassland by way of desertification degrees (light, moderate, heavy, and severe 
desertification) that includes the control grassland stage where no desertification has taken place; and 2) 
to discuss the effect of environmental variables (abiotic and biotic) on invertebrate community structure 
in this desertified sandy areas. 
2. Materials and methods 
2.1.([SHrimental Site. 
 This study was carried out at the Naiman Desertification Research Station operated by the Chinese 
Academy of Sciences (Fig. 1). The area is located in the south-western part (42e55Ą N and 120e42Ą 
E at an elevation of 360 m) of the Horqin sandy land region in Inner Mongolia, northern China. It is 
characteristics of a temperate continental semiarid monsoonal climate. Annual mean precipitation is 366 
mm and annual mean potential evaporation is 1935 mm while the annual mean temperature is 6.8eC. 
The annual frost-free period is approximately 130 to 150 days, and the annual average wind speed is 3.4 
m s-1 while the mean wind speed is 4.3 m s-1 in the primary aeolian erosion season (spring). A wind 
erosion period often occurs from April to mid-June prior to the rainy season. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1  Location of the study area in the Horqin sandy land of Inner Mongolia, northern China. 
The landscape is characterized by dunes alternating with gently undulating lowland areas. Two soil 
types predominate in the Horqin sand land: sandy Kastanozems under the original grassland generally in 
the western parts of this regrion and remnant elsewhere and the more widespread Arenosols found in the 
desertified central and eastern parts [12, 16]. The natural grassland was used primarily for cattle and 
sheep grazing. Dominant plant species include Pennisetum centrasiaticum, Phragmites communis, 
Leymus secalinus, Setaria viridis, Aristida adscensionis, and Chloris virgata. More than 60% of the 
grassland has become desertified due to overgrazing and wind erosion [17]. 
 
2.2.([SHrimental design.  
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The study was conducted in August, 2008, at the Naiman Desertification Research Station (NDRS), 
Chinese Ecosystem Research Network. The different desertification types were designated as severe 
(SDG), heavy (HDG), moderate (MDG), light (LDG) and non-desertified (NDG) grassland. Grassland 
desertification stages were defined by the same range of area affected by the flux of sand movement in 
springtime and by vegetation coverage, from > 50% coverage in lightly desertified grassland to < 10% 
coverage in severely desertified grassland.  
Two replicate sites (50 m × 50 m) a few kilometers apart were chosen for each type of desertified 
grassland. Each replicate was sampled by means of two transects separated by 10 m. Five sampling points 
were positioned in each transects separated 5 m apart. In the centre of each sampling point, soil monoliths 
of 30 cm × 30 cm × 30 cm were excavated and all organisms were recovered by way of hand sorting. Soil 
samples were obtained using a 10 cm diameter drill. In addition, five random 1 m × 1 m samples adjacent 
to the sampling transects were selected to measure plant species number, density (individual m-2), and 
coverage (%). 
2.3. 'DWDcollection. 
 Invertebrates were preserved in 75% alcohol in the field and brought back to the laboratory for 
identification. All invertebrate specimens were identified at least up to the taxonomic family or the order 
level according to a key by Yin [18] and Zheng [19], together with Nengnai [20]. The plant community 
structure was characterized by the mean species number, density (individual m-2), and coverage (%) in 
each type of desertified grassland analyzed. 
Soil samples were passed through a 2-mm screen to remove plant crowns and visible roots and other 
debris, and air-dried. Soil pH and electrical conductivity (EC, μs cm-1) were determined in 1:1 soil-water 
slurry and in 1:5 soil-water aqueous extract, respectively. Then, subsamples were finely ground to pass a 
0.25-mm sieve, and analyzed for soil organic C (SOC, g kg-1) by the Walkley-Black dichromate 
oxidation procedure [21] and soil total nitrogen (STN, g kg-1) by the Kjeldahl procedure (UDK140 
Automatic Steam Distilling Unit, Automatic Titroline 96, Italy) [22]. 
2.4.6WDWistical analyses. 
 Prior to analysis, invertebrate variables were calculated by way of primary taxonomic abundance 
(individual m-2) as well as richness. Invertebrate diversity was described by means of the Shannon index 
(+) and its associated evenness index (() [23].  
All statistical analyses were carried out using SPSS 14.0 for Microsoft Windows and applying multiple 
comparisons and analysis of variance (One-way ANOVA) to determine differences among the treatments 
[24]. Before applying non-parametric tests, the test was carried out for normal distribution and 
homogeneity of variances [24]. Statistically significant differences were assigned to 3<0.05 for all tests. 
A multivariate test (non-metric multidimensional scaling, NMDS) was used to compare invertebrate 
assemblages among different desertification types [25, 26, 27]. The NMDS analysis relied on a similarity 
matrix created using the Sorensen (Bray-Curtis) index from the raw invertebrate counts and explanatory 
variables. 
3. Results 
3.1. 6RLOinvertebrate abundance and richness.  
P < 0.05 for a l tests.
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A total of 193 individuals belonging to 31 invertebrate groups were collected. Soil macro-invertebrate 
abundance was significantly affected by the development of desertification () = 8.68, 3 < 0.05) (Fig. 2A). 
It was significantly higher at NDG, LDG, MDG and HDG than at SDG (3 < 0.05), though there were no 
significant differences between NDG, LDG, MDG and HDG (3 > 0.05).  
A similar trend was also found in group richness (Fig. 2B). A total of 31 groups (families) distributed 
among eight primary orders were unearthed, and there was a significant effect of desertification 
development on invertebrate richness () = 5.69, 3 < 0.05). Significantly higher richness was observed at 
NDG, LDG, MDG and HDG than at SDG (3 < 0.05), though no significant differences were found 
between NDG, LDG, MDG and HDG (3 > 0.05). 
 
 
 
 
 
 
 
 
                                                                                          
 
Fig. 2  Invertebrate abundance (A) and richness (B) with desertification development. NDG = none-
desertified grassland; LDG = light desertified grassland; MDG = moderate desertified grassland; HDG = 
heavy desertified grassland; SDG = severe desertified grassland. 
3.2. 6RLOinvertebrate diversity and evenness.  
Invertebrate diversity as measured by the Shannon index (H) was significantly affected by 
desertification development (Fig. 3, ) = 4.39, 3 < 0.05). Significantly higher diversity was observed at 
NDG, LDG, MDG and HDG than at SDG (3 < 0.05), though no significant differences were found 
between NDG, LDG, MDG and HDG (3 > 0.05). 
Invertebrate evenness (E), however, was not significantly affected by desertification development (Fig. 
3, ) = 0.78, 3 = 0.58). No significant variations in evenness index were found between NDG, LDG, MDG, 
HDG and SDG (3 > 0.05). 
 
 
 
 
 
 
                                                                                    
 
 
Fig. 3  Shannon (+) and evenness (() index with desertification development. NDG = none-desertified 
grassland; LDG = light desertified grassland; MDG = moderate desertified grassland; HDG = heavy 
desertified grassland; SDG = severe desertified grassland. 
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3.3.5HODtionships between soil invertebrate community and environmental variables.  
Significant influences of desertification development were found on soil nutrients (SOC and STN) and 
plant community (PS, PD and PC; 3 < 0.05, Table 1). Both SOC and STN began to decrease significantly 
beginning with desertification development (3 < 0.05) through light desertification, and to a rather lower 
extent after LDG until SDG. Plant richness, density and coverage began to decrease significantly with 
desertification (3 < 0.05) through moderate desertification, and to a rather lower extent after MDG until 
SDG. There were no significant differences in such plant parameters at early two desertification stages 
(LDG and MDG) including NDG (3 > 0.05). 
Table 1  Environmental parameters at different desertification stages including the control grassland 
stage where no desertification has taken place. 
 SOC STN PS PD PC 
NDG 4.03±1.91a 0.43±0.04a 26±3a 37.77±1.82a 37.44±4.58a 
LDG 1.91±0.16b 0.23±0.02b 29±7a 40.00±4.77a 42.38±9.24a 
MDG 0.92±0.06c 0.12±0.01c 23±8a 35.54±3.47a 32.50±12.50a 
HDG 0.44±0.03c 0.07±0.01c 13±1b 25.17±2.36b 23.45±4.88b 
SDG 0.34±0.02c 0.06±0.01c 7±1b 10.33±2.21b 10.83±0.17b 
) 56.22** 51.58** 6.47* 15.34* 7.22* 
SOC = soil organic carbon, STN = soil total nitrogen, PS = plant species richness, PD = plant density, 
PC = plant cover. Values are means ± se. Different letters within a column represent significant 
differences at P < 0.05. NDG = none-desertified grassland; LDG = light desertified grassland; MDG = 
moderate desertified grassland; HDG = heavy desertified grassland; SDG = severe desertified grassland. 
The multivariate NMDS analysis identified 2 axes with high (86.57%) orthogonality, which best 
described the invertebrate community structure and explained 80.63% of the cumulative observed 
variance (axis 1: 52 = 0.7878; axis 2: 52 = 0.0185) (Fig. 4). The stress of the best-fit NMDS was 0, 
suggesting that the performance of the test was better (McCune and Grace 2002). 

Fig. 4 NMDS plot showing 2-dimensional distances among the 5 desertification types. NDG = none-
desertified grassland; LDG = light desertified grassland; MDG = moderate desertified grassland; 
HDG = heavy desertified grassland; SDG = severe desertified grassland.
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Site Axis1 Axis2 
NDG -0.1703 -0.2586 
LDG -0.3045 0.4112 
MDG -0.0116 -0.3498 
HDG -0.1924 0.06518 
SDG 0.6789 0.1320 
NDG = none-desertified grassland; LDG = light desertified grassland; MDG = moderate desertified 
grassland; HDG = heavy desertified grassland; SDG = severe desertified grassland. 
Table 3  Species richness and community similarities throughout a desertification event spanning from 
light to severe degrees of desertified grassland and including the control grassland stage where no 
desertification has taken place (reference state). Codes as Table 1. 
 None (NDG) 
Light 
(LDG) 
Moderate 
(MDG) 
Heavy 
(HDG) 
Severe 
(SDG) 
NDG 18 8(34) 10(35) 9(34) 4(25) 
LDG 20.0 16 10(33) 7(32) 3(23) 
MD* 30.0 30.3 17 12(33) 5(24) 
HDG 26.0 21.9 36.4 16 5(23) 
SDG 16.0 13.1 20.1 21.7 7 
On the diagonal: taxa richness. Above the diagonal: absolute number of taxa shared by site pairs and 
the total number of taxa collected in pairs of sites (between parenthesis). Below the diagonal: percentage 
of shared taxa expressed as the ratio of the number of common taxa to the total number of taxa in site 
pairs. NDG = none-desertified grassland; LDG = light desertified grassland; MDG = moderate desertified 
grassland; HDG = heavy desertified grassland; SDG = severe desertified grassland. 
The non-parametric (Kendall) cross-correlations between the explanatory variables and the 2 
significant axes revealed that the invertebrate community structure was influenced primarily by the 
presence of severe desertification or not, with significant correlations with first axes (Table 2). The five 
desertification types were divided into two groups (first group, SDG; second one, LDG, MDG, HDG and 
NDG). These results suggest that the first axis captured the differences between severe desertification and 
other desertification stages, characterizing the different living conditions for the invertebrate community. 
3.4.5HVSonse of invertebrate groups to desertification development.  
The number of shared groups indicated the similarity of all desertification stages in terms of group 
composition [28], ranging from 3 to 12 (Table 3, above diagonal). The number of common groups as the 
proportion of the total number of groups reached its minimum value (13.1%) between LDG and SDG and 
reached its maximum value (36.4%) between MDG and HDG (Table 3).  
Moreover, some groups such as Cicadellidae, Chrysomelidae larval, Buprestidae larval, Melolonthidae 
larval and Therevidae larval appeared to be positively correlated with soil organic carbon and nitrogen 
content. Salticidae were positively correlated only with plant richness, density and cover, whereas 
Labiduridae were negatively correlated with plant density. 
Table 2  Kendall correlations with first and second ordination axes. Significant values are in bold. 
Significant levels DW3<0.05. 
 
P  0.05.
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Therevidae larval 0.914* 0.898* 0.386 0.365 0.364 
SOC = soil organic carbon, STN = soil total nitrogen, PS = plant species richness, PD = plant density, 
PC = plant cover. * Correlation was significant at 0.05 level (2-tailed), ** Correlation was significant at 
0.01 level (2-tailed) (italics in the Table). 
The changes of ground vegetation and soil conditions could have a dramatic effect on soil faunal 
community structure [31, 32]. There was significantly lower invertebrate abundance and richness at SDG 
than at NDG, LDG, MDG and HDG (3 < 0.05), though there were no significant differences between 
NDG, LDG, MDG and HDG (3 > 0.05). It agreed with the results from NMDS (Fig. 4), i.e., only the 
severe desertification could show significant impacts on the invertebrate distribution and growth. 
Furthermore, the invertebrate abundance (not group richness) changed in-step with the plant community 
changes, particularly plant density. Differences in plant density and the richness of resource quantity and 
quality (constituting shelter as well as food) appeared to be the primary factors associated with the 
different desertification degrees in this study [33]. 
However, the invertebrate richness, Shannon index and evenness index changed not in-step with soil 
nutrients or plant community changes. They seemed to have a similar trend with the desertification 
development before SDG, with the same order of MDG > LDG > HDG. If the intermediate disturbance 
hypothesis [34, 35] was accepted, MDG could be seen as a setting of intermediate disturbance for 
invertebrate community owing to the highest invertebrate richness, diversity and evenness. Higher plant 
richness, density and coverage in MDG could provide more kinds of food resources for the diverse 
invertebrate to inhabit there [15, 31]. In contrast, SDG could be seen as a highly disturbed habitat with the 
lowest soil nutrients and plant richness, density and coverage, thus the lowest invertebrate abundance, 
richness and diversity. The higher invertebrate evenness might be related to the simple community 
structure with rather smaller soil invertebrate distributed in SDG [15, 35]. 
4. Discussion 
In arid and semiarid regions, land desertification, facilitated by aeolian soil erosion, is the principal 
mechanism resulting in a decrease of the grassland carbon and nitrogen pool [29, 30]. Previous researches 
revealed that soil carbon and nitrogen content as well as plant components decreased with increased 
levels of desertification [9, 18]. In this study, soil organic carbon and total nitrogen content began to 
decrease beginning with LDG, to the lowest at the severe desertification stage. Plant species richness, 
density and coverage began to decrease after LDG along the desertification development, with the higher 
values at LDG. It was suggested that changes in soil nutrients was not in step with plant succession, and 
the sandy soil was more sensitive to the desertification development [15] in comparison to the ground 
vegetation. 
Table 4  Correlation coefficients between single macrofaunal groups and environmental parameters, * 
Correlation was significant at 0.05 level (2-tailed), ** Correlation was significant at 0.01 level (2-tailed). 
Faunal group SOC STN PS PD PC 
Salticidae 0.678 0.690 0.946* 0.895* 0.891* 
Labiduridae -0.434 -0.436 -0.760 -0.886* -0.828 
Cicadellidae 0.914* 0.898* 0.386 0.365 0.364 
Chrysomelidae larval 0.914* 0.898* 0.386 0.365 0.364 
Buprestidae larval 0.940* 0.950* 0.831 0.794 0.841 
Melolonthidae larval 0.914* 0.898* 0.386 0.365 0.364 
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land could prevent long-term overgrazing and controlling soil erosion by wind forces, thus beneficial for 
the biodiversity conservation and restoration of ecosystem in sandy grassland. 
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